OBJECTIVE: To investigate correlates of body mass index (BMI) and other anthropometric measurements in South Asian, Afro-Caribbean and European women in the UK. SUBJECTS: 291 South Asian, 303 Afro-Caribbean, and 559 European women aged 40 ± 69 y in West London, UK. DESIGN: Cross-sectional survey. MAIN OUTCOME MEASURES: BMI, waist-to-height ratio (WHt), and skinfold thicknesses. RESULTS: Compared with European women, South Asian and Afro-Caribbean women were more like to be obese (odds ratios (OR) 1.83 and 3.01, respectively), but less likely to rate themselves as overweight (BMI-adjusted OR 0.19 and 0.34, respectively). The proportion of women who walked at least 2.5 kmad, excluding activity at work, was lower in South Asians (22%) than in Europeans (44%) or Afro-Caribbeans (40%). Among employed women, the proportion who were active at work was higher in South Asians (63%) and Afro-Caribbeans (70%) than in Europeans (49%). In Europeans, obesity was inversely associated with social class, education, smoking, alcohol intake, and distance walked, and positively associated with time spent watching television. Adjustment for alcohol intake, smoking, education and transport, physical activity explained over 80% of the difference in BMI between South Asians and Europeans, but not the difference between Afro-Caribbeans and Europeans. CONCLUSION: The factor that may be most amenable to intervention in South Asian women is low physical activity outside the workplace. The high prevalence of obesity in Afro-Caribbean women, however, is not accounted for by any behavioural factors measured in this study, and the reasons for high rates of obesity in this group remain to be established.
Introduction
Mean body mass index (BMI) and prevalence of obesity are higher in South Asian and Afro-Caribbean women in the UK than in the native British population. This has serious implications for the health of South Asian and Afro-Caribbean women, as these two ethnic minority groups are more susceptible than people of European descent to complications of obesity: at any given body mass index, South Asians and Afro-Caribbeans have a higher prevalence of noninsulin-dependent diabetes mellitus (NIDDM) than Europeans, and Afro-Caribbeans have a higher prevalence of hypertension than Europeans. 1 ± 4 These ethnic differences in the prevalence of obesity are seen only in women: in men in the UK, mean BMI is similar in Europeans, South Asians and AfroCaribbeans. 5 The epidemiology of obesity in women does not follow the same pattern as in men: for instance in the UK there is a pronounced inverse relationship between obesity and socio-economic status in women, but not in men. Investigating correlates of relative weight in different ethnic groups may contribute to understanding the determinants of obesity in general, as well as to de®ning what strategies are most likely to be effective in controlling obesity in each ethnic group.
Methods

Source of data
Data from two cross-sectional surveys on chronic disease risk factors in South Asian, Afro-Caribbean and European men and women aged 40 ± 69 y were merged. Study methods have been described in detail elsewhere. 2, 6 Fieldwork was in Southall and Brent (West and North West London). The Brent survey started immediately after the end of the Southall survey, continuing with the same ®eld team and protocol. Data on women were collected between 1990 and 1991, at a time when the prevalence of obesity had started increasing in the UK. Exclusion criteria were identical in both studies, and included cancer, renal failure, severe disability, terminal illness, pregnancy and severe psychiatric disturbance. No one was excluded on the basis of language, as bilingual interviewers were available at all times. The ®rst survey included 246 European and 291 South Asian women and the second, 313 European and 303 Afro-Caribbean women aged 40 ± 69 y selected at random from general practitioners' lists. In each survey, participants were selected within the same geographical districts. All respondents completed a self-administered questionnaire covering medical history, health behaviours and socio-demographic characteristics. The two questionnaires used were identical in format and content, except that one of them included additional questions related to treatment and family history of blood pressure. Anthropometric measurements were performed according to a standardised protocol with men unclothed and women wearing paper pants only.
Data coding
Ethnicity. European (reference group), South Asian, or Afro-Caribbean ethnicity was assigned by the interviewer on the basis of physical appearance, country of birth, name, parental origin or direct enquiry in cases of doubt.
Anthropometric characteristics. BMI was calculated and obesity was de®ned as a BMIb30 kgam 2 .
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In the self-completed questionnaire, participants were also asked about their perceptions of their weight. Waist circumference was used to calculate the waist circumference to height (WHt) ratio. The sum of the thickness of ®ve skinfolds (triceps, subscapular, suprailiac, anterior thigh and suprapatellar) was also calculated.
Coding of risk factors. Social class was assigned according to husband's occupation for married women and according to own occupation for unmarried women, using the Of®ce of Population Censuses and Surveys' classi®cation of social class. 8 The number of years in education was calculated as the difference between the age at which an individual started and ®nished full-time education. Some women may have temporarily discontinued their full-time education, so using age at completion of full-time education may have led to an overestimate of years spent in education. Thus all women whose number of years of education was b12 y were classi®ed as having 13 y of education (assuming college or university education). Education level (in y) was treated as a continuous variable in all analyses relating education and anthropometric measurements. Housing tenure was not used in this study, as it is a poor marker of socio-economic status in South Asians. 9 Physical activity at work, for transport and for sports, were derived from the questionnaire. In employed women,`work physical activity' level was calculated as the difference between the reported frequencies of walking and sitting at work (frequencies were coded as: 1 never, 2 seldom, 3 sometimes, 4 often, 5 always). The proportion of respondents with a positive score (indicating that walking was more frequent than sitting) was estimated.
Transport physical activity' investigated the average number of kilometres walked and cycled daily. The number of kilometres walked was dichotomised using a cut-off point of 2.5 kmad, which is equivalent to walking approximately half an hour per day, the current public health recommendation in the UK. 10 A summary variable described total walking and cycling physical activity: 1) the number of kilometres walked daily, and 2) two-thirds of the number of kilometres cycled daily, assuming that the energy expended by cycling 1 km is approximately equivalent to the energy expended by walking two-thirds of a kilometre. As the number of women cycling regularly is very small, this summary variable is nearly equivalent to distance walked.
Statistical analyses
Statistical analyses were performed using the statistical package STATA-5.0 (Stata Corporation, Texas). Multiple logistic, linear and maximum-likelihood ordered logit (for the number of alcoholic drinks consumed weekly) regression analyses were used to investigate ethnic differences in risk factors for obesity, and differences in anthropometric measurements, in self-perceived weight and in the type of diet followed, adjusting for age. Ethnic comparisons for the prevalence of perceiving oneself as overweight were also adjusted for BMI.
Within each ethnic group, the association of BMI, WHt ratio and sum of skinfolds, with selected risk factors, was investigated using linear regression analyses, adjusting for age. Backward regression analyses of each outcome on all risk factors were also performed to identify risk factors remaining signi®cant when other risk factors were adjusted for. Tests for interaction between signi®cant risk factors were then performed. Finally, forward regression analysis, using the change in estimate method, 12 was performed to investigate which of the risk factors remaining signi®cant in at least one ethnic group, could explain ethnic differences in BMI, WHt ratio and sum of skinfolds.
Adjusted means and proportions were calculated as the values predicted by the regression models with the covariates held at their mean value. Log transformed values of BMI and WHt ratio were used in the analyses so that the skewness of the regression residuals was close to zero. In the result section, transformed values were returned to their original units. Signi®cance was selected at a 0.05.
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Results
Ethnic differences in risk factors for obesity and anthropometric characteristics
The mean age of the women studied was 53 y (range 40 ± 66 y), with South Asian women being slightly younger than European women (Table 1) . Fewer South Asians and Afro-Caribbeans than Europeans were from the higher social classes (26%, 21% and 40%, respectively). South Asian women were less likely to be employed than European women (48% vs 70%) and they had fewer years of education. AfroCaribbean women were more likely than Europeans to have at least 11 y education (52% compared with 42%). Smoking and alcohol intake were less prevalent in South Asians and Afro-Caribbeans. Only 2% of South Asians and 8% of Afro-Caribbeans smoked compared with 30% of Europeans.
Amongst those who worked, South Asians and Afro-Caribbeans were more likely to walk rather than sit at work. For all women, South Asians walked least for transport compared with the other two groups: 22% of South Asians walked`2.5 kmad, compared with 40% of Afro-Caribbeans and 44% of Europeans. Only 1% of South Asian women participated in regular sports and none cycled. Conversely though, Europeans were much more likely to watch television and videos than the other two groups: 31% watched television and video b16 haweek compared with 14% of South Asian women and 19% of AfroCaribbean women.
South Asians and Afro-Caribbeans had a higher mean BMI, WHt ratio, sum of skinfolds and prevalence of obesity than did Europeans ( Table 1 ). The odds of being obese was 1.83 (95% con®dence interval (CI 1.20 ± 2.59)) for South Asians and 3.01 (95%CI 2.18 ± 4.17) for Afro-Caribbeans compared with Europeans. The distribution of BMI was shifted to the right in South Asian and Afro-Caribbean women compared with European women (Figure 1 ). n crude sample size. c Unadjusted mean number of units of alcohol consumed weekly. *P`0.05 compared with Europeans, using linear, logistic and maximum-likelihood ordered logit (alcohol intake) regression analyses, adjusted for age; **P`0.01; ***P`0.001. BMI body mass index; WHt waist circumference-to-height. for Afro-Caribbeans). In European women, the likelihood of rating oneself as overweight increased with the number of years of education, after adjusting for BMI (OR 1.21, 95% CI 1.05 ± 1.40), but it was not associated with social class, smoking or alcohol intake. In South Asian and Afro-Caribbean women, none of these factors were associated with the likelihood of perceiving oneself as overweight.
South Asian women were less likely to be on a slimming diet than were European women (Europeans: 9.6%; South Asians: 1.2%, P`0.001 compared with Europeans; Afro-Caribbeans: 7.3%).
Association of anthropometric characteristics with each risk factor
In European women, BMI was inversely related to social class, education level, smoking status, alcohol consumption and total walking-cycling physical activity (Table 3) . Results for smoking and alcohol intake remained signi®cant when social class and other health behaviours were adjusted for. The BMI of European women increased with the number of hours spent watching television and video (Table 3 and Figure 2 ). In South Asian and Afro-Caribbean women, none of the risk factors investigated were signi®cantly associated with BMI.
Results for the WHt ratio and sum of skinfolds tended to parallel those observed for BMI. In Table 2 Adjusted a proportions of Europeans, South Asians and Afro-Caribbeans who perceive themselves as overweight by categories of measured body mass index (BMI)
Europeans
South Asians Afro-Caribbeans n crude sample size. *P`0.05 compared with Europeans using logistic regression analyses; **P`0.01; ***P`0.001. Summary variable number of km walkedad (0.67 number of km cycledad). *P`0.05 using linear regression analyses, adjusted for age; **P`0.01; ***P`0.001. 95% CI 95% con®dence interval.
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Association of anthropometric characteristics with all risk factors Table 4 shows, for European women, the results for backward regression analyses of BMI on all selected risk factors taken simultaneously. The risk factors which remained signi®cantly associated with BMI in Europeans included: social class, years of education, smoking, alcohol intake, transport physical activity and televisionavideo watching; the direction of the associations observed remained identical to those observed for bivariate associations (Table 3 ). In South Asians and Afro-Caribbeans, none of the risk factors studied were signi®cantly associated with BMI. Adjusting for all signi®cant risk factors, WHt ratio tended to be lower in European women from a nonmanual social class, in those with a higher education level, higher alcohol consumption, higher walkingcycling physical activity level and in those who watched television or video less frequently. No signi®cant relationship was observed in South Asians and Afro-Caribbeans.
The sum of skinfolds remained inversely associated with education and physical activity at work in European women, and it tended to increase with the number of hours spent watching television or video, when all signi®cant risk factors were adjusted for. As expected, the sum of skinfolds remained signi®cantly associated with smoking in Afro-Caribbeans.
Whilst BMI was related to physical activity and the amount of television watched in European women, these effects were attenuated in those who either smoked or drank alcohol (Table 5) . Similar interactions were observed for WHt. Furthermore, whilst transport physical activity was inversely related to WHt in the non-manual social classes, no such relationship was found in the manual group.
Ethnic differences in anthropometric characteristics, adjusting for covariates
To investigate whether ethnic differences in the three anthropometric outcomes could be explained by signi®cant risk factors forward regression analyses were performed (Table 6 ). Results indicated that the difference in BMI (on a logarithmic scale) between South Asians and Europeans decreased from 0.05 when age was adjusted for, to only 0.01 when alcohol intake, smoking, education level and transport physical activity were also taken into account. Thus, these four factors explained approximately 80% of the ageadjusted difference in BMI between South Asian and European women, and the difference between the groups became non-signi®cant. This difference decreased even further when variations in sports physical activity and marital status were also adjusted for. In comparison, the age-adjusted difference in the logarithm of BMI between Afro-Caribbeans and Europeans was reduced only by about one-®fth when smoking, social class, alcohol intake, marital status Summary variable number of km walkedad (0.67 number of km cycledad). *P`0.05 using linear regression analyses, adjusted for age and other covariates; **P`0.01; ***P`0.001. 95% CI 95% con®dence interval.
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Discussion
Although morbidity rates from complications of obesity (non-insulin-dependent diabetes and hypertension) are higher in South Asian and Afro-Caribbean women than in Europeans, South Asian and Afro-Caribbean women were less likely than Europeans to rate themselves as overweight or to report that they were following a slimming diet. In contrast, 40% of European women with a normal weight had an inaccurate perception of being overweight. Of the three groups, South Asian women were the least likely to rate themselves as overweight at any given BMI. Similar results have been reported in a study of elderly women in the US, where African-Americans were more likely than White women to report that they were satis®ed with their weight and less likely to diet. 13 Interestingly, a recent survey of young Caucasian, South Asian and Afro-Caribbean women in the UK indicated no ethnic difference in concerns with body weight and shape, 14 suggesting that attitudes to body size may be changing in younger birth cohorts.
As in other surveys, measures of body fatness in European women were inversely related to social class and educational status. This was paralleled by a socio-economic gradient in attitudes to body weight: at a given BMI, the proportion of European women who rated themselves as overweight was positively related to educational status. In South Asian and AfroCaribbean women, however, neither obesity nor self- *P`0.05 compared with reference category, using linear regression analyses, adjusted for age and other covariates; **P`0.01; P`0.001. BMI body mass index; WHt waist circumference-to-height.
Obesity in women from three ethnic groups J Pomerleau et al rating as overweight at a given BMI were related to socio-economic status. This suggests that socio-economic gradients for obesity in women may depend upon the existence of socio-economic gradients in attitudes to body weight. In groups where leanness is preferred, women may be more highly motivated to limit their energy intake and to maintain high levels of physical activity. This could account for why inverse relationships of obesity with distance walked, and positive relationships of obesity with television viewing were seen only in European women of higher socio-economic status. In this subgroup, health-seeking behaviours are likely to be interrelated, 15, 16 so that women who report walking and cycling more and watching less television, may be keeping their weight down by other measures such as dieting. However, it is also possible that the precision and completeness of reported physical activities varies by levels of socioeconomic status, women of higher status being more able at estimating their physical activity or being more likely to overreport it. This issue needs to be investigated in future studies.
Current recommendations for the control of obesity in developed countries emphasise moderate physical activity for at least 30 min each day, equivalent to walking 2.5 kmad at 5 kmah. 10 Although European women who achieved this target had lower mean BMI and lower WHt ratio than women who walked 2.5 kmad, these associations were detected only in women of higher socio-economic status and in women who did not drink alcohol frequently. Positive associations between obesity and time spent watching television, have been reported previously both in adults and children. 17 ± 20 Television viewing could lead to obesity through reduced energy expenditure or through the association of television viewing with consumption of snacks. 20 However, longitudinal studies are required to investigate the direction and mechanisms of this association, as television viewing may also be a result of greater weight. The inverse association of television viewing with obesity was restricted to European women who did not drink alcohol frequently or smoke. Smoking rates in South Asian women and alcohol intake in both minority groups were so low that the study had limited power to detect associations of these variables with obesity in South Asian or Afro-Caribbean women.
In European women, alcohol or smoking appeared to reduce the detrimental effect of watching television or of low physical activity on obesity. Inverse associations of smoking and alcohol intake with excess weight in women have been reported by others. 21 ± 23 The relationship between smoking and BMI could be mediated by the thermogenetic effect of smoking 24 or by the action of nicotine as an appetite suppressant. 25, 26 Explanations for the inverse association of alcohol intake with obesity in women remains unclear. 27, 28 It has been postulated that individuals drinking alcohol may have other lifestyle attributes which could compensate for the energy intake from alcohol. 27 Most of the difference in BMI between South Asians and Europeans could be explained by behavioural factors (alcohol intake, smoking, walking and cycling physical activity) and socio-economic status. However, differences in BMI between Afro-Caribbean and European women remained, even after adjusting for behavioural and socio-economic variables. Although variations in the genetic susceptibility to weight gain may contribute to ethnic differences in obesity, ethnic differences in weight gained in adult life must result from differences in energy expenditure, differences in energy intake or both. Dietary fat is one of the main determinants of the energy density of the diet and of energy intake. Previous studies in the UK have generally found that the percent of energy from fat is no higher in South Asian women than in European women. 29 ± 31 Although no survey data for Afro-Caribbean women have been published, it has been reported that Afro-Caribbean men consume less fat (as percent of dietary energy) than European men. Obesity in women from three ethnic groups J Pomerleau et al
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Although South Asian women reported less distance walked and lower rates of participation in sports than European or Afro-Caribbean women, among women who were in employment, South Asians and Afro-Caribbeans reported higher activity levels at work than Europeans. Thus, our study does not support the suggestion that high rates of obesity among South Asian and Afro-Caribbean women are attributable to low physical activity levels. 33 Our failure to detect associations between physical activity and obesity in minority ethnic groups suggests that we may not have identi®ed the activities that account for most of the variation in expenditure within these groups. The questionnaire on physical activity used in this study did not include items on housework, which may be an important source of energy expenditure for women in this age group. Thus, more detailed assessment of physical activities in women from minority ethnic groups is necessary. Questions on parity were not included: other studies have suggested that Black women are more likely to retain excess weight after pregnancy than White women. 34, 35 One study has reported that resting energy expenditure was lower in African-American than in White women. 36 With the increasing prevalence of obesity in the UK population generally, minority groups that already have a high prevalence of obesity combined with susceptibility to the complications of obesity will be at especially high risk. This study suggests that while the high prevalence of obesity in South Asian women is strongly associated with low physical activity outside the workplace and with a community perception of overweight as desirable, the high prevalence of obesity in Afro-Caribbean women is not associated with any of the behavioural factors measured in this study. Negative social pressure regarding ideal weight should not be promoted, as it may lead to damaged self-esteem and eating disorders. Other strategies for the prevention of obesity in this group remain to be established. A ®rst step would be to distinguish the contributions of lower energy expenditure from higher energy intake in the development of obesity in different ethnic groups. To establish whether total energy expenditure is lower in free-living South Asian or Afro-Caribbean women than in European women would require measurement of energy expenditure by methods such as the doubly-labelled water technique. 37, 38 
